INTRODUCTION
With the vast amount of genomic and proteomic data available, bioinformaticists play a vital role in mining and analyzing data. In addition, bioinformatics is an important component of many fields of biological research including plant, animal, and environmental health, genetics, microbiology, and biochemistry. Therefore, it is increasingly important that students understand not only what can be learned from these data, but also how to use basic bioinformatics tools. This computer-based laboratory or classroom activity not only introduces annotation tools, but also allows students to apply their understanding of the structure and function of a gene and its role in central dogma to a part of the Escherichia K12 genome. These are key concepts for both secondary and undergraduate students when understanding core biological ideas like "structure and function" (1-3). In addition, this is a hands-on activity, meant to help engage students in the learning process and address different learning styles (3).
PROCEDURE

Introduction to basic gene structure
The outcome of the bioinformatics activity is to identify and predict the function of three genes (the lac operon) in E. coli. Before beginning, it is helpful to address the learning goals identified in Table 1 . Students should also become familiar with the key components of a bacterial gene ( Table  2) . Appendix 1 describes a hands-on activity to introduce these learning goals and key concepts. In brief, this activity asks students to first examine a short nucleotide sequence. They identify and define the key structures in the gene within this sequence. This includes the promoter, transcription start and stop site, the Shine-Dalgarno region, and translation start and stop site. They plot these sequences onto the larger sequence and are asked several questions to help correlate the location of these sequences with the process of transcription and translation. By physically marking and identifying these regions, it is hoped that they better retain and understand their role in gene expression.
Application of the central dogma to a genome sequence
Using only a computer with internet access, students can now apply their knowledge of gene structure and the central dogma to a bioinformatics exercise. 
Term Definition Promoter
Two conserved gene sequences -10 and -35 nucleotides upstream from transcription initiation. Site for RNA polymerase (sigma factor) recognition and binding.
Start Site for Transcription
Site where transcription is initiated by RNA polymerase (+1).
Stop Site for Transcription
Site where transcription is terminated. RNA polymerase falls off of the DNA.
Shine-Dalgarno
Binding site for small ribosome to initiate translation.
Start Site for Translation
Site where first tRNA (i.e. amino acid) is added to initiate peptide chain formation.
Stop Site for Translation
Stop codon that signals translation termination.
goals are highlighted in Following identification and structural analysis of the three genes, students continue the annotation process and determine the putative function of the encoded proteins (Appendix 3). Students copy their protein sequences from Artemis to continue analysis in BLAST sponsored by the National Center for Biotechnology Information. Here, they use a database to look for protein homologies of known function in other organisms. Upon completion, students should recognize protein similarity to β-galactosidase, β-galactosidepermease, and β-galactosidetransacetylase, proteins encoded within the lac operon. Depending on the level being taught, students may be familiar with these proteins. However, if unfamiliar, this is an opportunity to further discuss the function of these proteins and the role they play in a living organism. Students are directed to EcoCyc, a database designed to provide a system-wide functional understanding of the molecular components of E. coli (6) . Here, students can research not only the function of these three proteins, but also how they are regulated. Within the handout are several guiding questions to help students address the regulation and role these proteins play in the life of a bacterium.
Tips
• This exercise works well as an in-class activity so any technological issues can be quickly resolved. Students can work individually or in groups.
• The lac operon may be substituted with sequences from any bacterial genome to make the activity more relevant to class discussions.
Extension
For advanced students, this activity has several extensions:
• 
CONCLUSION
This activity has been presented to undergraduate students in an introductory and upper-level microbiology course (36 students each). Upon evaluation by the upper-level microbiology students, results were very positive (Fig. 1) . Most promising is that more than 78% felt the activity helped them better understand the process of analyzing a genome. Those students that selected "neutral" or "not helpful" either found difficulty with the technology (the activity was completed outside of class) or wished more material had been presented before the activity. Positive written comments also reflected their appreciation of a hands-on activity to address different learning styles (Table 4 ). In addition, initial analysis of the learning gains for this course suggests that the activity is beneficial (Fig. 2) . Upon completion of the activity, learning gains increased by as little as 17 % and upwards of 63%, depending on the concept tested. Please note, these students were also asked to annotate two additional genes before attempting the posttest. This suggests additional practice with annotation may play a role in these learning gains.
These largely positive data suggest this activity may benefit the learning and understanding of basic principles in gene structure, function, and bioinformatics. 
